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ABSTRACT 
 
The composition and seasonal variation of brachyuran and anomuran species associated with mussel farms were 
evaluated at Praia da Cocanha, São Paulo between May 2007 and February 2008. Nine mussel ropes were sampled 
at random in each quarter, and 1,208 organisms were identified, comprising five families and 28 species. The most 
numerous species was the porcellanid Pachycheles laevidactylus (18.5%), followed by the xanthids Acantholobulus 
schmitti (16.6%), Hexapanopeus paulensis (11.3%), Panopeus americanus (10.2%), and Menippe nodifrons (8.4%). 
The exotic crab Charybdis hellerii was recorded throughout the study period. The ecological descriptors, except 
Pielou evenness index, varied significantly over the time. The highest abundance and diversity of the species were 
recorded during November and February. This pattern was reversed for Berger-Parker dominance, with the lowest 
values recorded in February. The development of epifauna was correlated with the different stages of the mussel 
farms, since the mean size of mussels and consequently the abundance of epibiotic organisms and the structural 
complexity on the mussel ropes increased from May (seeding) until February (harvest). Despite this, the temporal 
population variations in recruitment patterns of the different epibionts should not be overlooked. The results 
indicated that the mussel farms provided favorable conditions for the development of these crustacean groups, 
which could be used in environmental monitoring programs and / or be exploited for the aquarium trade.  
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INTRODUCTION 
 
In the sites with low hydrodynamics and 
conditions of constant immersion, mussel farms 
are a suitable secondary substrate for the 
colonization of epibionts, providing shelter and 
food for large numbers of associated organisms 
(Bayne 1976; Marenzi and Manzoni 1998; 
Vaquero 2006; Sá et al. 2007). Studies of the 
biodiversity and heterospecific associations of the 
organisms with shellfish farms are scarce, 
although of great importance because they provide 
a better understanding of biological phenomena 
and the role that each species performs in this 
system, contributing to livestock improvement and 
providing useful information for farm management 
in order to maximize productivity (Bayne 1976; 
Marenzi and Manzoni 1998; Vaquero 2006; Sá et 
al. 2007).  
Previous studies cite decapods crustaceans as 
frequently associated with bivalve farms (Uribe et 
al. 2001; Carvalho 2007). The presence of crabs 
on the mussel ropes and structures such as buoys 
and strings may be related to increases in mortality 
of the reared mussels, especially of seeds (Freitas 
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1997). Moreover, the exploitation of these species, 
which are usually discarded during the handling of 
ropes and harvest of mussels, for the aquarium 
trade may represent an alternative source of 
income for shellfishermen. 
The infra-order Brachyura, with over 300 species 
known on the Brazilian coast, is the most 
important among marine crustaceans (Melo 1999). 
Of these species, 188 occur on the Sao Paulo coast 
(Bertini et al. 2004). The estimated 117 species of 
the infra-order Anomura are distributed along the 
entire the Brazilian coast (Amaral and Jablonski 
2005).  
In other areas of the world, the presence of crabs 
in the fauna associated with mussel farms has also 
been reported (Romero et al. 1982; González-
Gurriarán 1986; Freire and González-Gurriarán 
1995; Mallet et al. 2009). Some studies reported 
on the reproductive biology of brachyurans 
(Muiño 2002) and anomurans (Sampedro et al. 
1997) at farm sites, while other works focused on 
the description of vagile and/or sessile fauna 
associated with mussel ropes (Freitas 1997; Sá et 
al. 2007) and its impact on productivity (Metri et 
al. 2002; Leite 2007). However, there are no 
specific studies on seasonal variation in the 
composition of brachyurans and anomurans in 
mussel farms.  
It is believed that the assemblages of brachyurans 
and anomurans can vary in different mussel-farm 
regions in Brazil and around the world, and these 
changes may occur according to the local 
environmental characteristics. The existence of 
temporal variation in faunal composition still 
needs to be described. Therefore, this study aimed 
to characterize the composition of the brachyuran 
and anomuran faunas associated with mussel ropes 
in Praia da Cocanha and to analyze their temporal 
variability. 
 
Study area 
Located in Caraguatatuba, the area of Praia da 
Cocanha (-23.5800 and -45.3200) has the highest 
density of mussel farms on the coast of São Paulo 
State (Fig. 1). The study area consisted of 14 farms 
in two areas, totaling 11 hectares (Sinau 2009). 
 
Figure 1 - Location of the study area, Praia da Cocanha, Caraguatatuba, São Paulo, Brazil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 - Location of the study area, Praia da Cocanha, Caraguatatuba, São Paulo, Brazil. 
 
 
 
Mussels have been reared since 1988, by hand, on 
the ropes about 2.0 m long suspended from 50-m 
long-lines (Silvestri et al. 2008a). The mussels are 
usually seeded between April and May, when the 
seeds (young mussels) are placed in growing 
structures. The harvest is done by removing the 
ropes and dropping the mussels, which are then 
washed with water and cleaned of fouling 
organisms. The mussels are harvested when they 
reach the proper market length, which in the study 
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area varies between 7-8 cm and is reached after 8-
9 months of rearing, in January and February 
(Marques 1998). 
The northern coast of São Paulo is an oligo-
mesotrophic region, influenced by seasonal 
upwelling (Miranda 1982; Aidar et al. 1993; 
Castro-Filho and Miranda 1998). The farms are 
located at depths from 5 - 10 m, and are mainly 
influenced by longshore NE currents in the 
summer, with weak currents and winds. Strong 
SW currents occur in autumn / winter (Tessler 
1998) and provide a wide variability in water 
composition and availability of larvae, which may 
originate from different regions of the coast in 
different seasons. 
 
 
MATERIAL AND METHODS 
 
Four quarterly samples were taken in May, 
August, and November 2007 and February 2008. 
On each occasion, nine mussel ropes were 
randomly selected and removed from the water in 
bag nets especially developed to prevent the 
escape of organisms. Later, on a mussel cleaning 
table, the biological material was sorted and 
preserved. The specimens of Brachyura and 
Anomura were separated and identified according 
to Melo (1996). Similarly, for each rope, 30 
mussels were randomly selected to determine the 
total shell length (mm). 
To evaluate the composition and seasonal 
variation on the mussel ropes, the following 
community descriptors (Rodrigues 2005) were 
determined for each sample: abundance (N), 
dominance of Berger-Parker (d), first-order 
Jackknife species richness (ED), Shannon-Wiener 
Diversity Index (H'), and Pielou evenness (J). 
These descriptors were compared between the 
sampling periods with one-way ANOVAs 
followed by the SNK Test for a posteriori multiple 
comparisons (Underwood 1997), for the 9 
replicates (ropes) sampled quarterly. For 
comparison of the community as a whole between 
different periods of the year, one-way ANOSIM 
(Clarke and Warwick 2001) was used with 999 
permutations, Bray-Curtis similarity index, and 
non-standardized data. The results were expressed 
graphically through an ordination analysis 
(Nonmetric Multidimensional Scaling - NMDS) 
(Clarke and Warwick 2001). 
 
 
RESULTS 
 
The presence of crustaceans was recorded on all 
the mussel ropes sampled. In all, 1,208 individuals 
were identified, comprising five families and 28 
species (Table 1). Most organisms identified 
during the study period belonged to the family 
Xanthidae, with a total of 16 species, comprising 
62.8% of the individuals (Fig. 2). The most 
numerous species was the porcellanid Pachycheles 
laevidactylus (18.5%), followed by the xanthids 
Acantholobulus schmitti (16.6%), Hexapanopeus 
paulensis (11.3%), Panopeus americanus (10.2%), 
and Menippe nodifrons (8.4%) (Table 1). 
These values were not constant during the year; 
Acantholobulus schmitti was more abundant 
(40.2%) in May, and Hexapanopeus paulensis 
(29.6%) in August 2007. However, in November 
2007 and February 2008, the porcellanid 
Pachycheles laevidactylus was the most abundant 
species, with 26.3% and 22.0%, respectively. 
The xanthids Hexapanopeus paulensis, 
Acantholobulus schmitti, Menippe nodifrons, 
Panopeus americanus, Panopeus austrobesus, 
Panopeus occidentalis, Pilumnus dasypodus, 
Pilumnus reticulatus, and Pilumnus spinosissimus, 
the grapsid Pachygrapsus transversus, and the 
porcellanid Pisidia brasiliensis were recorded in 
all the sampling months (Table 1). The exotic 
Indo-Pacific crab Charybdis hellerii was also 
recorded in all the months, but mainly in 
November and February, comprising 7.9% of the 
total fauna identified. Eurypanopeus abbreviatus 
and Portunus rufiremus were recorded only in 
May 2007, Mycrophrys bicornutus only in August 
2007, and Panopeus bermudensis, Petrolisthes 
galathinus, and Callinectes sp. only in February 
2008 (Table 1). 
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Table 1 - Occurrence of Brachyuran and Anomuran species attached to mussel ropes at Praia da Cocanha, 
Caraguatatuba, São Paulo, Brazil, from May 2007 through February 2008. 
Infraorder Family Species May August November February N % 
Brachyura Portunidae Cronius ruber (Lamarck, 1818) 3   2 5 0,4 
  Portunus rufiremus Holthuis, 1959 2    2 0,2 
  Callinectes sp.    1 1 0,1 
  Charybdis hellerii A. Milne Edwards, 1867 3 1 41 50 95 7,9 
 Xanthidae Eurypanopeus abbreviatus (Stimpson, 1860) 1    1 0,1 
  Hexapanopeus sp.    28 28 2,3 
  Hexapanopeus paulensis Rathbun, 1930 11 50 27 48 136 11,3 
  Acantholobulus schmitti Rathbun, 1930 43 24 76 58 201 16,6 
  Menippe nodifrons Stimpson, 1859 11 8 22 61 102 8,4 
  Panopeus americanus Saussure, 1857 13 36 50 24 123 10,2 
  Panopeus austrobesus Williams, 1983 1 2 4 3 10 0,8 
  Panopeus sp. 1  2 43 46 3,8 
  Panopeus occidentalis Saussure, 1857 1 3 4 8 16 1,3 
  Panopeus bermudensis Benedict & Rathbun, 
1891 
   3 3 0,2 
  Pilumnus dasypodus Kingsley, 1879 6 8 7 3 24 2,0 
  Pilimnus diomedeae Rathbun, 1894 1  1  2 0,2 
  Pilumnus reticulatus Stimpson, 1860 4 3 3 9 19 1,6 
  Pilumnus sp.     3 0,2 
  Pilumnus spinosissimus Rathbun, 1898 1 26 6 10 43 3,6 
  Pilumnoides hassleri A. Milne Edwards, 1880 1  1  2 0,2 
 Majidae Microphrys bicornutus (Latreille, 1825)  1   1 0,1 
 Grapsidae Pachygrapsus transversus (Gibbes, 1850) 1 1 10 7 19 1,6 
Anomura Porcellanidae Pachycheles laevidactilus Ortmann, 1892  2 98 123 223 18,5 
  Pachycheles monilifer (Dana, 1852)   5 12 17 1,4 
  Porcellana sayana (Leach, 1820) 2  8 45 55 4,6 
  Petrolisthes armatus (Gibbes, 1850)   1 1 2 0,2 
  Petrolisthes galathinus (Bosc, 1802)    1 1 0,1 
  Pisidia brasiliensis Haing in Rodrigues da 
Costa, 1968 
1 4 4 19 28 2,3 
Total 107 169 373 559 1208 100,0 
 
 
 
Figure 2 - Relative abundance (%, n = 1208) and species richness related to the families 
of brachyuran and anomuran found attached to mussel ropes on the Praia da 
Cocanha, Caraguatatuba, São Paulo, Brazil, from May 2007 to February 
2008. 
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The ecological descriptors, except the Pielou 
evenness index, varied significantly over the time 
(Table 2). The highest values were recorded in 
November and February for the abundance (41.4 
±7.9 and 62.1 ±12.3 individuals per rope), richness 
(9.2 ±0.7 and 10.7 ±1.0 species per rope), and 
Shannon Diversity Index (0.80 ±0.04 and 0.86 
±0.04) (Fig. 3). The lowest recorded abundance 
(11.9 ±2.9 and 18.8 ±5.0 individuals per rope), 
richness (5.0 ±0.6 and 5.4 ±0.9 species per rope), 
and diversity (0.58 ±0.04 and 0.57 ±0.09) occurred 
in May and August respectively. For the Berger-
Parker dominance the pattern was reversed, and 
the lowest values (0.27 ±0.03) were recorded in 
February (Fig. 3). 
The total length of the mussels on the ropes also 
varied significantly between the months (Table 2), 
49.4 ±3.4 to 71.5 ±0.90 mm, with the individuals 
in May being significantly smaller than in August, 
which in turn were significantly smaller than those 
in November and February (M<A<N=F) (Fig. 3). 
The ANOSIM revealed significant differences in 
assemblage structure over time (Global R = 0381, 
p <0.001), with May and August having similar 
compositions (R = 0107, p = 0.052), but differing 
from the other months (p <0.05 for all 
comparisons). November and February showed a 
marginal difference (R = 0167, p = 0.043) (Fig. 4). 
 
 
 
Figure 3 - Monthly means (± standard error) for the descriptors Abundance (N), first-order 
Jackknife Species Richness (ED), Shannon-Wiener diversity index (H '), Pielou 
evenness (J), and Berger-Parker dominance (d), referring to the brachyuran and 
anomuran fauna attached to mussel ropes, and mussel mean length (mm, n=30) at 
Praia da Cocanha, Caraguatatuba, São Paulo, Brazil, from May 2007 through 
February 2008. 
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Table 2 - One-way ANOVA (F) for the abundance (N), first-order Species Richness Jackknife (ED) Shannon-
Wiener (H '), Pielou evenness (J), and Dominance of Berger-Parker (d) for the  brachyuran and anomuran fauna 
attached to mussel ropes, and mussel mean length (mm, n=30) at Praia da Cocanha, Caraguatatuba, São Paulo, 
Brazil, from May 2007 through February 2008. 
Source of variation Df Ms F p 
Abundance (N)     
intercept 1 40535.11 72.670 <0.001 
month 3 4696.44 8.419 <0.001 
error 32 557.80   
Jackknife richness (ED)     
intercept 1 2070.25 341.876 <0.001 
month 3 70.32 11.613 <0.001 
error 32 6.06   
Shannon diversity (H ’)     
intercept 1 17.73 648.566 <0.001 
month 3 0.19 7.142 <0.001 
error 32 0.03   
Eveness (J)     
intercept 1 25.23 3211.158 <0.001 
month 3 0.00 0.312 0.817 
error 31 0.01   
Berger-Parker dominance     
intercept 1 5.42 227.323 <0.001 
month 3 0.10 3.964 0.016 
error 32 0.02   
Total length (Ct)     
intercept 1 134872.56 3607.284 <0.001 
month 3 865.43 23.147 <0.001 
error 32 37.39   
 
 
 
Figure 4 - MDS representing the result of one-way ANOSIM comparing the composition of 
species of Brachyura and Anomura attached to mussel ropes at Praia da Cocanha, 
Caraguatatuba, São Paulo, Brazil, from May 2007 through February  2008, at various 
periods of the year (M, May; A, August; N, November; and F, February). The ellipses 
represent the periods between which the community structure showed no significant 
differences (M = N ≠ A ≠ F). 
 
 
DISCUSSION 
 
Other studies have also reported the presence of 
crabs in mussel farms, indicating that they can 
provide favorable conditions for development of 
these organisms (Freitas 1997; Marenzi and 
Branco 2006; Sá et al. 2007). These studies also 
reported the presence of xanthid, grapsid, and 
porcellanid crabs, although in relatively lower 
numbers than found in this study. Sá et al. (2007) 
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reported the presence of two species of 
brachyurans in Espírito Santo, and Freitas (1997) 
and Marenzi and Branco (2006) recorded one 
family of anomuran and two families of 
brachyurans from mussel farms in Santa Catarina. 
The most numerous species, the anomuran 
Pachycheles laevidactylus and the brachyuran 
Acantholobulus schmitti, are distributed along the 
entire Brazilian coast. P. laevidactylus is often 
found among rocks, clumps of algae, and mussel 
beds (Melo 1999), and A. schmitti is found from 
the intertidal zone up to 25 meters deep, on sand 
bottom, mud, and shell bottoms (Melo 1996); i.e., 
the life habits of these species favor their 
occupation of mussel ropes. The portunid 
Portunus rufiremus was observed below its 
southern distribution limit (Melo 1996), which 
could be the result of larval dispersal along the 
coast or of larval transport by ballast water 
(Tavares and Mendonça Jr. 2004), considering that 
the study area was located about 26 km from the 
Port of São Sebastião. 
The presence of Charybdis hellerii has been 
reported in other studies in the region (Mantelatto 
and Fransozo 2000, Bertini et al. 2004; Bertini and 
Fransozo 2004; Braga et al. 2005). However, the 
high absolute and relative abundance of C. hellerii, 
mainly small-sized individuals, observed in this 
study indicates that the ropes can be important 
refuges for this invasive species, and also sources 
of dispersal to other areas.  
The availability of food is a major factor in 
colonization of crustaceans in marine farms. The 
great diversity of amphipods, algae, polychaetes, 
and gastropods associated with mussel ropes at the 
study site (Silvestri et al. 2008b) ensures a good 
food source for crabs (Freire and González-
Gurriarán 1995; Petti et al. 1996; Frigotto and 
Seraphim-Junior 2008; Santana et al. 2009). Crabs 
act as natural control agents of fouling organisms, 
helping to maintain the cleanliness of mussel ropes 
to the market (Mallet et al. 2009), thus avoiding 
the costs of removing the fouling, which can reach 
up to 20% of the final product (Enright et al. 
1993). 
Conversely, larvae and seed mussels also represent 
an important food source for these crustaceans. 
Some studies indicate the existence of predatory 
crustaceans in different types of bivalve culture 
(Seed 1976; Waterstrat et al. 1980; Freites et al. 
2000; DeGraaf and Tyrrell 2004), thus also 
constituting a problem for the farms.  
The significant differences found in the 
community structure of crabs during the study 
period could be related to the long immersion time 
of the ropes (8-9 months), because with longer 
immersion times, the community tended to 
develop and gain complexity. In fact the 
abundance, richness, and diversity increased as the 
total length of the mussels increased, with a peak 
in November and February (Fig. 3). Mallet et al. 
(2009), in a study conducted at Prince Edward 
Island, Canada, reported a decline in the 
abundance of the crab Cancer irroratus in a farm 
of mussels Mytilus edulis from spring to autumn, 
which could be attributed to the seasonal migration 
and fisheries targeting this species.  
The colonization by the crabs in mussel farms 
benefits from their pelagic larvae, which disperse 
easily and locate substrates favorable for settling 
in the mussel farms. Although seasonality is less 
pronounced than in temperate or subtropical areas, 
populations of decapod crustaceans in nearby 
areas show significant variations in their 
reproductive periods (Turra and Leite 2000), 
which can regulate the supply of larvae and 
recruits in farms. However, it is evident that the 
structures used in mussel farms provide conditions 
conducive to colonization by these crustaceans.  
The results described above indicated the potential 
use of the crustaceans associated with mussel 
ropes in interdisciplinary studies, such as those 
related to livestock productivity (predation of 
mussels and biocontrol of fouling) or 
environmental monitoring, using species that 
indicated environmental quality. The high 
diversity and quantity of epibionts recorded 
suggested an opportunity to add value to artisanal 
farms, since the crustaceans could have value in 
the aquarium trade. 
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